The concept of body wake regeneration f o r propulsion originated i n 1865 with Froudel; his t h i n k i n g was based on the overall momentum balance of the moving vehicle and he believed that the Rankin drag/thrust concept was an anachronism from the days when canal barges were towed by horses.
When a force i n one medium must be overcome by power i n p u t i n another medium, o r more generally when there i s an impedance matching problem, the drag/thrust concept may have great merit.
In steady motion through a single f l u i d , however, a s w i t h an a i r c r a f t , a LTA or a submarine, the drag/ thrust concept i s misleading i n i t s apparent simp l i c i t y and i t invariably results i n the adoption of reduced performance targets. For instance, when
h a t the drag can o n l y be balanced by an equal prop e l l e r t h r u s t , according t o the Rankin concept. S t i l l today, general a v i a t i o n a i r c r a f t . are viewed e s s e n t i a l l y as powered g l i d e r s , w i t h t h e t h r u s t e r ( p r o p e l l e r o r j e t u n i t ) i n s t a l l e d i n a manner n o t conducive t o e f f i c i e n t wake regeneration.
Even fuselage-mounted pusher p r o p e l l e r s a r e t o o l a r g e and are n o t t a i l o r e d t o t h e s p e c i f i c wake, as w i l l be seen i n Section V, where the wake-propeller a i rc r a f t i s compared t o a conventional pusher-propeller a i r c r a f t .
The r a t i o n a l approach i s t o f o l l o w Froude's concept' and t o expend power t o prevent o r t o m i n imize the occurrence of the wake.
Smith and Robe r t s , * Kuchemann and Weber,3 Edwards," 5 Davidson,6 Goldschmied7 and many others have cont r i b u t e d t o t h e development o f wake regeneration, w i t h and without a c t i v e boundary-layer c o n t r o l . For instance, Goldschmied7 8 has shown t h a t , f o r an axisymmetric fuselage, the wake drag can be reduced by a f a c t o r o f 10 w i t h an e f f i c i e n t singles l o t suction boundary-layer control aftbody design; t h e o v e r a l l power was reduced by a f a c t o r o f 2, f o r equal fuselage volume and speed.I0
I n hydrodynamics, t h e a p p l i c a t i o n o f wake-propellers has become standard p r a c t i c e f o r a l l high-speed underwater v e h i c l e s such as submarines, torpedoes, e t c . An e x c e l l e n t reference on t h i s subject i s given by Huang, Wang, S a n t e l l i and Groves."
It has been t h i s a u t h o r ' s experience t h a t commun i c a t i o n s between hydrodmamicists and aerodynamic i s t s have n o t been good; even w i t h i n t h e A I A A
i t s e l f , papers i n t h e Journal of Hydronautics f a i l e d t o get many readers from the a i r c r a f t commun i t y .
As a t y p i c a l example, a very s i g n i f i c a n t 1976 paperi2 was ignored by a t l e a s t four A I A A authors.13 l 6
The o b j e c t i v e o f t h i s b r i e f p r e l i m i n a r y paramet r i c study i s t o acquaint the general a v i a t i o n community w i t h the aerodynamic p o t e n t i a l of fuselage/ wake-propeller c o n f i g u r a t i o n s f o r single-engine low-speed a i r c r a f t . T h i s p o t e n t i a l was demonstrated experimentally by a NASA wind-tunnel t e s t o f a f u l l -s c a l e fuselage (50.88'' diameter, 246" l e n g t h ) w i t h i t s custom-tailored wake-propeller (24.00" diameter) a t 100 MPH.
The very extensive t e s t r e s u l t s were reported by McLemore" i n 1962 b u t i t appears t h a t they have been ignored f o r a i r c r a f t a p p l i c a t i o n simply because the p r o j e c t had been funded by the LTA program and t h e fuselage was designated as a "1/20-Scale A i r s h i p Model . ' I A recent NASA-funded survey of p r o p e l l e r propulsion system i n t e g r a t i o n by M i l e y and van Lavante18 does n o t i n c l u d e any reference t o McLemore'sl7 exc e l l e n t work, although a m a j o r i t y of the survey's e f f o r t i s claimed t o have been d i r e c t e d t o t h e time p e r i o d before 1964; no o t h e r i n v e s t i g a t i o n o f fuselage/wake-propeller i n t e g r a t i o n i s t o be found among t h e 121 references reviewed by M i l e y and van
Lavante. I n t h e i r a u t h o r i t a t i v e textbook on a i rplane aerodynamics and p e r f o m n c e , Lan and Roskam'g simply do n o t recognize even the possib i l i t y of wake-propulsion; on pase 269 of Ref. 19 i t i s stated: " I n pusher c o n f i g u r a t i o n s .... t h e p r o p e l l e r w i l l be operating i n s i d e the n a c e l l e (fuselage? 11. NASA Wind-Tunnel Test
The NASA wind-tunnel t e s t program was c a r r i e d out i n the Langley 30' x 60' Wind-Tunnel and was reported by McLemore.17 The axisymmetric fuselage had 50.88" diameter and 246.46" length, w i t h a fineness r a t i o f = 4.84 and an enclosed volume V = 184 f t 3 .
The p r o f i l e shape o f the body was o f t h e well-known "Akron" a i r s h i p f a m i l y 2 0 21 b u t shortened from the Akron's f = 5.9 t o f = 4.84. It can be noted t h a t a body w i t h f = 4.5 had a l s o been tested i n t h e wind-tunnel by Abbott,22 y i e l di n g no h i g h e r drag. I t i s i n t e r e s t i n g t o note t h a t the Akron wind-tunnel t e s t mode12Q 2ihad a l e n g t h o f 236" and a diameter o f 40", w i t h a l e n g t h Reynolds number o f RL = 1.8 x IO6 and a volume drag c o e f f i c i e n t Cg = 0,022.
On t h e o t h e r hand, the drag c o e f f i c i e n t o f McLemore's'7 model was ( w i t h o u t p r o p e l l e r ) CD = 0.021, i n c l u d i n g the three t a i l f i n s and the "gondola" a t t h e same Reynolds number. The n e t drag w c o e f f i c i e n t o f t h e bare body can be estimated from the t e s t r e s u l t s o f Abbott** (Fig. 8 o f Ref. 22 ): the drag c o e f f i c i e n t increment due t o the presence o f the f i n s i s ACD = 0.002 and t h e drag increment due t o t h e gondola i s ACD = 0.001. Thus an i n c r ement of 0.003 must be added t o t h e n e t t h r u s t data, so as t o t r u l y p o r t r a y the bare body perfotmance.
It can be noted t h a t t h e minimum pressure occurs a t 18% length, thus laminar f l o w can p l a y Only a minor r o l e i n t h e performance; Abbott** found no drag d i f f e r e n c e f o r h i s f = 4.5 body when the t e s t model was polished a l l over (Fig. 5 of Ref. 22 ).
The maximum diameter occurs a t 40% length; Table I below l i s t s the l e n a t h and diameter coordinates of the t e s t body for-convenient reference, since they a r e n o t given by McLemore.17
The wake-propeller had 4 blades and 24" diameter ( l e s s than h a l f body diameter); the diameter corresponds t o the measured diameter of the wake ( w i t hout p r o p e l l e r ) .
Although t h e t e s t model was labeled a 1/20-Scale A i r s h i p Model, i t happens a l s o t o be a f u l l -s c a l e fuselage f o r general a v i a t i o n a i r c r a f t , being l a r g e enough f o r side-by-side seating! Figure 1 presents t h e schematic o f the t e s t model w i t h 3 t a i l f i n s and t h e "gondola"; i t i s reproduced from Fig. 1 o f Ref. 17 . I t can be noted t h a t the drag o f an a i r c r a f t empennage would n o t be s i g n i f i c a n t l y higher than t h e t o t a l drag o f t h e t a i l f i n s and o f the gondola. 
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.02 c . 6 . a Co values represent net thrust; i t can be seen that more than enough net thrust was generated t o tow two o t h e r identical bodies.
Indeed the maximum thrust coefficient was Cg = -0.053 and the drag coefficient of the body ( w i t h o u t propeller) was 
However, the propulsive efficiency n = FoUo/HP i s down t o a mere 103% a t equilibrium gecause the propeller-induced flow f i e l d aver the body causes additional d r a g , as compared t o the bare body, o r a so-called "thrust-deduction" of the propeller thrust. The same propeller, mounted in a convent i o n a l free-stream installation, achieved 73% propeller a n d propulsive efficiencies. Thus despite the "thrust-deduction." the power g a i n of the wakepropeller was an impressive 41% over the freestream propeller. This i l l u s t r a t e s the power that can be extracted from the fuselage wake's kinetic energy and which i s going t o waste today in the general aviation a i r c r a f t . I t can be added t h a t the "thrust-deduction" i s n o t a necessary e v i l : i t can be eliminated by designing the body shape t h r o u g h a complex i t e r a t i v e process that includes the propeller's effect on the body pressure d i s t r ibution and boundary-layer development. The final body shape i s such t h a t maximum pressure recovery i s achieved on the fuselage's aftbody with the propeller, while the aftbody flow would be f u l l y separated without the propeller's effect. This maximum pressure recovery i s assumed t o be that given by the Goldschmied turbulent separation criterion.27
The NASA experimental t e s t d a t a are tabulated below in Table I1 f o r convenient reference; in addition, the volume power efficient CHP has been computed from the propeller power coefficient Cp.
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Aerodynamic Design Objectives
The aerodynamic design objective of t h i s brief preliminary study i s t o determine the Aerodynamic Efficiency Index AEI of the NASA fuselagelwakepropeller a i r c r a f t w i t h conventional NACA wings a t the maximum cruise speed. Appendix 111, a s computed from gross weight, maximum engine power and maximum a i r c r a f t speed.
From the data of Appendix I1 i t i s seen that one-seat a i r c r a f t range from 500 t o 800 Ib, from From the data of Appendix I and 11, i t i s seen t h a t two-seat a i r c r a f t range from 950 t o 2400 l b , from 110 t o 276 MPH and from 50 t o 300 HP. For t h e present study an appropriate fuselage diameter i s 42" f o r tandem seating and 48" f o r side-by-side seating.
t h a t four-seat a i r c r a f t range from 2400 t o 3900 l b , from 138 t o 230 MPH and from 160 t o 235 HP. For the present study an appropriate fuselage diame t e r i s 55".
From the data of Appendix I , i t i s seen t h a t six-seat a i r c r a f t range from 2750 t o 6775 l b , from 158 t o 302 MPH and from 200 t o 760 HP. For t h e present study an appropriate fuselage diame t e r i s 65", so as t o a l l o w room between t h e seats.
For t h i s p r e l i m i n a r y study, t h e speed range has been l i m i t e d t o 140-180 MPH and the gross weight range has been l i m i t e d t o 800-3200 l b . The t a b l e below l i s t s t h e m a t r i x of configurations t o be analyzed. From the gross weight W, and t h e l i f t / d r a g r a t i o , t h e wing d r a g is computed; a 10% wing/fuselage interference drag i s added.
The empennage drag i s assumed t o be 27.5% o f t h e wing drag. From t h e t o t a l drag F, t h e p r o p e l l e r t h r u s t c o e f f i c i e n t CT i s computed:
CT i_ -~ F Note: The Vo.66 values a r e given qoy0.66 i n Table I It can be noted t h a t i n Table 111 t h e highest experimental value of t h e power c o e f f i c i e n t i s CHP = 0.0960 and t h e corresponding t h r u s t c o e f f i c i e n t i s CT = 0.056. The bare body drag F, must be added
t o t h e n e t t h r u s t T t o compute t h e t o t a l t h r u s t power; t h e r a t i o o f
30.2 ' 34.9 t h i s power over the actual p r o p e l l e r power i s the p r o p u l s i v e e f f i c i e n c y o f t h e a i r c r a f t . Table IX  39'8 45.9
oresents t h e summary o f orooulsive e f f i c i e n c v : i t 'can be seen t h a t i t -r a n g e s i 
o 103% f o r t h e propulsion o f t h e body alone and t o 65% f o r a t y p i c a l t r a c t o r a i r c r a f t .
The next step i s the computation o f the actual In regard t o propeller speed, the advance r a t i o can be found from F i g . 6 and the speed can be computed; however, i t has been found that f o r speeds In order t o assess the meaning of the AEI numbers, Fig. 12 presents the general aviation survey of the aerodynamic efficiency index against airc r a f t velocity. I t can be seen that the range i s from a low of 5.00 t o a high of 7 On the other hand, the data of Table XI are presented in the plot of Fig. 13 f o r convenient visual evidence: i t seems t o be clear that i n the 140-180 MPH, 800-3200 lb range the NASA fuselage/wakepropeller a i r c r a f t offers substantial aerodynamic efficiency index improvements over 100%.
I t can be argued that the AEI data of F i g . 12 represent actual operational " d i r t y " a i r c r a f t while the AEI data of 
V.

Fuselaqe Power R a t i o The Dower reauired f o r the orooulsion of t h e fuselage i s the ' l a r g e s t c o n t r i b k o k t o t h e t o t a l conventional a i r c r a f t power. For a t y p i c a l singleengine t r a c t o r general-aviation a i r c r a f t , t h e drag d i s t r i b u t i o n i s as follows:
Total A i r c r a f t Drag Coeff. 
The fuselage i s the l a r g e s t c o n t r i b u t o r t o a i r c r a f t drag; d e s p i t e t h i s obvious f a c t , aerodynamic o p t im i z a t i o n o f t h e fuselage has n o t received much a t t e n t i~n . ?~ Most of t h e research has been focused
on t h e wing, which accounts f o r o n l y 36% o f t h e t o t a l drag. I n conclusion, w i t h the assumption t h a t t h e p r o p e l l e r t h r u s t can o n l y make the fusel a g e drag higher, then t h e t y p i c a l fuselage i s responsible f o r 54% of the power, a t the l e a s t .
It i s most i n t e r e s t i n g t o examine the fuselage power r a t i o (fuselage power/total power) f o r t h e NASA fuselage/wake-propel l e r configuration w i t h NACA AR = 10 and AR = 8 wings, w i t h wing loadings o f 15 and 2 1 PSF. An assessment should be c a r r i e d out against t h e l a t e s t and most advanced 4-seat pusher a i r c r a f t a v a i l a b l e today; one such a i r c r a f t i s t h e Prescott Pusher, as described b y Cox.26 Table XI11 The economy i s enhanced b y t h e 85 HP engine a g a i n s t the 180 HP; t h e roominess i s enhanced by the 55" d i a . cross-section against the 42" x 40"; t h e range i s increased from 690 t o 1300 miles, using t h e same 45-gal. tank.
The A E I value f o r the Prescott Pusher @ 184 MPH i s 6.5 w h i l e i t i s 15.57 f o r AR = 10 21 PSF wing and 14.81 f o r AR = 8 21 PSF wing; i t i s c l e a r t h a t a very substantial imDrovement p o t e n t i a l has been made -a v a i l a b l e b y t h e NASA fuselage/wakep r o p e l l e r configuration.
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The NASA fuselage/wake-propel l e r configuration, as applied t o a m a t r i x o f a i r c r a f t designs i n the 140-180 MPH speed range, has shown conc l u s i v e l y t h a t a 50% power reduction i s a prac- The propulsive e f f i c i e n c y f o r t h e a i r c r a f t design m z t r i x ranges from 85% t o 96%; t h i s can be s u b s t a n t i a l l y improved by e l i m i n a t i o n o f fuselage drag increments induced b y t h e p r o p e l l e r through fuselage shape o p t i m i z a t i o n . T h i s i s t h e area where f u r t h e r t h e o r e t i c a l and wind-tunnel research i s h i g h l y recommended. It can be remembered t h a t conventional t r a c t o r a i r c r a f t have 65% p r o p u l s i v e e f f i c i e n c i e s .
While t h e conventional fuselage accounts f o r 54% o f t h e t o t a l drag and power, the fuselage power of t h e NASA configuration ranges from 51% down t o 24%; t h i s represents a substantial design improvement over conventional p r a c t i c e . -NOTE: Weights, Powers and Speeds a r e quoted from t h e f o l l o w i n g sources as l i s t e d below.
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